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FUEL CELL SYSTEM WITH VARIABLE COANDA AMPLIFIERS 
FOR GAS RECIRCULATION AND SYSTEM PRESSURE REGULATION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present application relates to a Coanda flow amplifier, comprising a 

suction intake, an outlet, a fluid chaimel extending between the suction intake and the 
outlet, and a drive flow inlet, which is fluid-connected to the fluid chaimel via a drive- 
flow discharge slit, as well as to a method of operating a Coanda flow amplifier of this 
type. The application further relates to a fuel cell system comprising at least one foel 
10 cell, one fluid source, one fluid line, and one Coanda flow amplifier arranged in the 
fluid line, whereby both a suction intake and an outlet of the Coanda flow amplifier are 
fluid-connected to the fluid line, and whereby a drive flow inlet of the Coanda flow 
amplifier is fluid-connected to the fluid source. 

Description of the Prior Art 

15 A Coanda flow amplifier of the above type is known in the art and has 

been described in, for example, US 5,974,802. The operating principle of a Coanda 
flow amplifier is based on the phenomenon known as Coanda effect (z.e., a fluid 
flowing along a curved surface tends to follow the outline of the curved surface). 
Consequenfly, a Coanda flow amplifier usually comprises an inlet for a fluid flow to be 

20 amplified, a fluid channel, which is bordered by a curved surface and which — along the 
flow direction of the flow to be amplified — at first narrows and subsequentiy widens 
with a fimnel shape, as well as a fluid outlet. A drive-flow inlet is provided — radially 
with respect to the fluid channel - in an area upstream of the constriction of the fluid 
channel, whereby this inlet is fluid-connected with the fluid channel via a drive-flow 

25 discharge slit. 

The drive-flow inlet serves to supply the Coanda flow amplifier with a 
drive fluid at a given intake pressure that subsequentiy reaches a high flow velocity — 
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typically sonic velocity — when passing through the drive-fluid discharge slit, and 
subsequently flows through the fluid channel along the surface that borders the fluid 
channel. This generates suction in the area of the intake of the Coanda flow amplifier, 
as a result of which large volumes of the fluid to be conveyed by the Coanda flow 
5 amplifier are sucked into the intake. 

As described in US 5,974,802, a Coanda flow amplifier of this type can 
be arranged in the exhaust gas recirculation line of an intemal combustion engine, to 
recirculate exhaust gases produced by the intemal combustion engine. 

DE 100 01 717C1 describes the use of a Coanda flow amplifier in a fuel 

10 cell system, which comprises a fuel cell unit, a cathode gas supply line connected to the 
cathode side of the fuel cell unit, a cathode exhaust gas retum line for the recirculation 
of cathode exhaust gas that is also connected to the cathode side of the fuel cell unit, as 
well as an anode exhaust gas retum line that serves to recirculate the anode exhaust gas 
and is connected to the anode side of the fuel cell unit. The Coanda flow amplifier may 

15 be arranged in the cathode gas supply line and/or in the cathode exhaust gas retum line 
of the fiael cell system, whereby a drive-flow inlet of the Coanda flow amplifier is 
connected to a compressed-air source via a compressed-air line. Alternatively, the 
Coanda flow amplifier may be arranged in the anode exhaust gas retum line. In this 
case, the drive-flow inlet of the Coanda flow amplifier is connected to a fuel gas 

20 pressure tank, which may for example contain gaseous or liquid hydrogen. 

As explained above, for the proper operation of the Coanda flow 
amplifier it is necessary that the drive fluid, during its passage through the drive-flow 
discharge slit, be accelerated to a very high flow velocity, typically the velocity of 
sound. This can be ensured if a pressure ratio between the discharge pressure of the 

25 drive flow when it leaves the drive-flow discharge slit, and an intake pressure of the 
drive flow when it enters into the drive-flow discharge slit, does not exceed a critical 
pressure ratio set in dependence on the desired flow velocity of the drive fluid when it 
leaves the drive-fluid discharge slit. For an acceleration of the drive-fluid flow to sonic 
velocity (Mach 1) and diatomic gases (Kappa = 1.4) the critical pressure ratio is 

30 calculated as 0.528. To prevent the critical pressiare ratio firom being exceeded (/.e., to 
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ensure a proper functioning of the Coanda flow amplifier), the drive fluid is usually 
supplied to the Coanda flow amplifier at a sufficiently high supply pressure, which can 
be pre-set by means of a pressure controller. 

However, in some applications, and particularly for the use of a Coanda 
5 flow amplifier in a fuel cell system, one faces the problem that the mass flow of the 
drive fluid to be supplied to the Coanda flow amplifier, and thus the drive fluid's supply 
pressure, will also be affected by other system parameters. For example, if the Coanda 
flow amplifier is to be used in a fuel cell system to recirculate the anode exhaust gas, 
and if the fuel gas to be supplied to the anode side of the fuel cell is to be used as drive 

10 fluid, then the fuel gas volume to be supplied to the fuel cell depends on the fuel gas 
consumption in the fuel cell (z.e., on the load state of the fuel cell). Thus, under low- 
load conditions of the fuel cell one may be faced with the problem that the pre-set 
intake pressure of the drive fluid is not sufficient to accelerate the drive-fluid flow to a 
sufficiently high velocity when it passes through the drive-fluid discharge slit, so that 

15 the proper functioning of the Coanda flow amplifier can no longer be ensured. 



BRIEF SUMMARY OF THE INVENTION 

In brief, the present invention provides a Coanda flow amplifier, a 
method of operating a Coanda flow amplifier, as well as a fuel cell system equipped 
with a Coanda flow amplifier, whereby the proper functioning of the Coanda flow 

20 amplifier is ensured even if the mass flow rate of tiie drive fluid passing through the 
drive-fluid discharge slit of the Coanda flow amplifier is variable. 

The above-mentioned task is solved by the present Coanda flow 
amplifiers, fuel cell systems and methods of operation . The Coanda flow amplifier 
according to the present systems and methods is characterized by the fact that a flow 

25 cross section of its drive-flow discharge slit can be variably adjusted. When one desires 
a low flow rate of the drive flow to be fed to the fluid channel of the Coanda flow 
amplifier, one can set an accordingly small flow cross section of the drive-flow 
discharge slit. Inversely, one can set a larger flow cross section of the drive-flow 
discharge slit if a greater flow rate of the drive fluid is to be supplied to the fluid 
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channel of the Coanda flow amplifier. Since the cross-sectional area of the drive-flow 
discharge slit for a critical flow is directly proportional to the flow rate of the drive 
fluid, it is possible to precisely meter the desired quantity of drive fluid to be supplied 
to the fluid channel of the Coanda flow amplifier by varying the cross-sectional area of 
5 the drive-flow discharge slit. 

In addition, in the operation of the Coanda flow amplifier according to 
the present systems and methods, the cross-sectional area of the drive-flow discharge 
slit can be selected in dependence on the supply pressure of the drive fluid. In this way, 
when flie drive-flow discharge slit is passed a pressure ratio is established between the 

10 output pressure of the drive-fluid flow when it leaves the drive-flow discharge slit, and 
the intake pressure of the drive-fluid flow when it enters the drive-fluid discharge slit, 
which pressure ratio does not exceed the critical pressure ratio of the drive fluid. As a 
result, proper functioning of the Coanda flow amplifier can be ensured in a simple 
manner even in the case of varying mass flow rates of the drive flxjid to be supplied to 

15 the fluid channel, or in the case of varying supply pressures of the drive-fluid flow. 
Moreover, the need to employ a separate pressure controller to pre-set the supply 
pressure of the drive fluid is eliminated when using the Coanda flow amplifier 
according to the present systems and methods. 

Preferably, the Coanda flow amplifier according to the present systems 

20 and methods is designed so that the drive-fluid discharge slit can be completely closed 
(z.e., the supply of drive fluid into the fluid chaimel of the Coanda flow amplifier can be 
interrupted). As a result, a separate valve to intermpt the supply of drive fluid to the 
Coanda flow amplifier is no longer required. 

In one embodiment, the Coanda flow amplifier comprises a flow-guiding 

25 eletnent that is arranged between the suction intake and the outlet and is axially 
displaceable along the longitudinal axis of the Coanda flow amplifier. The fluid 
channel in the Coanda flow amplifier includes a first section, which extends from the 
suction intake of the Coanda flow amplifier to an upstream face of the flow-guiding 
element, a second section executed in the flow-guiding element, and of a third section. 
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which extends from the downstream face of the flow-guiding element to the outlet of 
the Coanda flow amplifier. 

In another embodiment, the suction intake of the Coanda flow amplifier 
is arranged in a first housing section, and the drive-flow discharge slit is formed 
5 between a downstream face of the first housing section and an upstream face of the 
flow-guiding element. As a result, the flow cross section of the drive-flow discharge 
slit is determined by the distance of the upstream face of the flow-guiding element from 
the downstream face of the first housing section, and can be varied as desired in a 
simple manner by axially displacing the flow-guiding element along the longitudinal 

10 axis of the Coanda flow amplifier. 

The second section of the fluid channel formed in the flow-guiding 
element may be bordered by a curved interior wall, so that the cross section of the 
second fluid channel section - starting from the upstream face of the flow-guiding 
element, in the flow direction of the fluid — in the fluid chaimel has a convergent 

15 divergent shape (/.e., it initially narrows and then widens again). Because of the 
Coanda effect, drive fluid fed through the drive-flow discharge slit will flow with high 
velocity along the curved interior wall of the flow-guiding element, which gives rise to 
a suction effect in the area of the suction intake and thus to the flow-amplifying effect 
of the Coanda flow amplifier. The first fluid-channel section located in the first 

20 housing section has a constant cross section over its length. Alternatively, it is also 
possible to execute the first fluid-chaimel section in a downstream end area Avith a fluid- 
channel cross section that is divergent along the fluid flow direction (z.e., with a cross 
section that widens along titie fluid-flow direction in the fluid chaimel). 

Preferably, at least in the area of the drive-flow discharge slit, the fluid- 

25 flow element is surrounded by a chamber that connects the drive-flow inlet with the 
drive-flow discharge sHt. This chamber, for example, may be an annular chamber that 
at least partially surrounds the flow-guiding element and is fluid-connected to the drive- 
flow inlet that is arranged radially with respect to the flow-guiding element. 
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In yet another embodiment, the axially displaceable flow-guiding 
element of the Coanda flow amplifier cames through into a second housing section and 
is guided in the second housing section in a sealed manner. 

As an axial guide for the flow-guiding element, the second housmg 
5 section may, for example, contain a projection that projects radially inward, with an 
upstream face that forms the border of the chamber that at least partially surrounds the 
flow-guiding element. For the purpose of sealing the flow-guiding against the second 
housing section, a sealing element may be provided, which may, for example, be placed 
into a groove formed in the outer circumference of the flow-guiding element. 

outlet of the Coanda flow amplifier may be located in a third 
housing section, whereby a downstream section of the flow-guiding element protrudes 
into the third housing section and is guided in a sealing manner in the third housing 
section. In this case, the third section of the fluid channel is executed in the third 
housing section and may possess a constant cross section or a cross section that widens 
15 along the fluid flow direction in the fluid channel. The first, second, and third housing 
sections may be provided as separate components that may, for example, be connected 
to each other by means of a screw connection. Thus, the components of the Coanda 
flow amplifier can in a simple manner be installed in the housing that comprises three 
separate sections. In alternative embodiments the housing may be a single part, or the 
20 housing may comprise three housing sections in which any two of the three housing 
sections are executed as a single part. 

When sealing the downstream section of the flow-guiding element with 
respect to the third housing section, one has to take into account that a gap will be 
present between the downstream face of the flow-guiding element and an upstream face 
25 on the third housing section when the drive-flow discharge slit is closed or only 
partially open (i.e., when the flow-guiding element has been axially displaced against 
the fluid flow direction in the fluid channel). Thus, for the purpose of sealing this gap, 
a sealing element may be provided, which may be arranged in a groove executed on the 
third housing section and acts together with a circumferential surface of the flow- 
30 guiding element. 
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Moreover, because the movement that has to be executed by the flow- 
guiding element to set the flow cross section of the drive-flow discharge slit is very 
small, one can use quasi-static seals such as, for example, inexpensive O-ring seals, to 
provide a seal between the flow-guiding element and the second and third housing 
5 section. 

In another embodiment of the present systems and methods, the Coanda 
flow amplifier comprises an actuating element to axially displace the flow-guiding 
element. The actuating element may, for example, be arranged in the third housing 
section, and in one embodiment a piezo actuator may be used for this purpose. If a 

10 piezo actuator is used, it becomes possible to very precisely control the movement to be 
executed by the flow-guiding element by means of a corresponding current to the piezo 
actuator, which makes it possible to very accurately adjust the flow cross section of the 
drive-flow discharge gap. 

In an altemate embodiment of the present systems and methods, the 

15 flow-guiding element is resiliently pre-loaded opposite to the fluid flow direction in the 
fluid channel in order to close the drive-flow discharge slit when the actuating element 
is in its inoperative state (fail safe / NC). To generate the desired resilient pre-load, one 
may, for example, provide a spring element with ends that rest on the upstream face of 
the projection that is provided on the second housing section and protrudes radially 

20 inward and on a flange section that is provided on the outer circumference of the flow- 
guiding element and protrudes radially outward. 

According to some embodiments of the present systems and methods of 
operating a Coanda flow amplifier, a variably adjustable flow cross section of the drive- 
flow discharge slit may be chosen in such a way that the pressure ratio of the output 

25 pressure of the drive flow when exiting from the drive-flow discharge slit and the intake 
pressure of the drive flow when entering the drive-flow discharge slit does not exceed a 
critical pressure ratio. The present systems and methods ensure that the drive-fluid flow 
during its passage through the drive-flow discharge slit is accelerated to a sufficiently 
high flow velocity - defined by the critical pressure ratio - even in the case of varying 

30 mass flow rates of the drive-fluid to be supplied to the fluid channel of the Coanda flow 
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amplifier, or in the case of varying supply pressures of the drive-fluid flow, so that a 
proper functioning of the Coanda flow amplifier can be maintained. 

For an ideal diatomic gas the critical pressure ratio has the value 0.528. 
If the flow cross section of the drive-flow discharge slit is chosen so that the pressure 
5 ratio between the output pressure of the drive flow when leaving the drive-flow 
discharge slit and the intake pressure of the drive flow when entering the drive-flow 
discharge slit does not exceed the critical pressure ratio, then it can be ensured that the 
drive-fluid flow during its passage through the drive-flow discharge slit is accelerated to 
at least sonic velocity (Mach 1). 

10 The variable flow cross section of the drive-flow discharge slit may be 

adjusted so that the pressure ratio between the output pressure of the drive-flow when 
leaving the drive-flow discharge slit and the intake pressure of the drive-flow when 
entering the drive-flow discharge slit is equal to the critical pressure ratio. This 
implementation of the present systems and methods makes it possible to precisely 

15 control the flow velocity of the drive-fluid flow when it leaves the drive-flow discharge 
slit. This implementation may be at the point of the critical pressure ratio, since the 
momentum exchange between the drive-fluid flow and the fluid flow to be amplified is 
maximized for a drive-fluid flow that flows with sonic velocity when it leaves the drive- 
flow discharge slit, which may create a particularly good flow-amplifying effect of the 

20 Coanda flow amplifier. 

In one embodiment of the present systems and methods, a Coanda flow 
amplifier is arranged in a fluid line, whereby the flow cross section of the drive-flow 
discharge slit can be variably adjusted. The use of a Coanda flow amplifier with a 
variably adjustable flow cross section of the drive-flow discharge slit makes it possible 

25 to ensure a proper functioning of the Coanda flow amplifier even in the case of varying 
supply pressures of the drive-fluid flow that is supplied fi-om the fluid source to the 
drive-flow inlet of the Coanda flow amplifier. Furthermore, it becomes possible to 
reduce the number of components of the overall system, since for example a pressure 
controller, which for the purpose of pre-adjusting the supply pressure of the drive-fluid 
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to be supplied to the Coanda flow amplifier would be arranged at a fluid line connecting 
the fluid source with the drive-flow inlet, is no longer necessary. 

In a first embodiment of the fiiel cell system according to the present 
systems and methods, the fluid line may be a purge-gas feed line (feed) that is 
5 coimected to the fiael cell and is used to introduce a purge gas (e.g,, air, into the fiiel 
cell). The drive-flow inlet of the Coanda flow amplifier may, for example, be supplied 
with purge air via a pressurized-air line (e.g., in the form of leakage air or overflow air 
fi-om a high-pressure compressor or fi*om another pressurized-air source in tiie system). 

The Coanda flow amplifier then draws in a high flow voliraie of purge 

10 air from the surroundings into its suction intake. In addition to the fiiel cell, other 
components of the fiiel cell system may be connected with the purge-gas feed line and 
be ventilated by the purge-gas flow generated by the Coanda flow amplifier. 

In a second embodiment of a fixel cell system, the fluid line may be a 
cathode gas feed line connected to the fiiel cell that is used to supply the cathode side of 

15 the fiiel cell with a cathode gas, for example air. In a manner similar to the one already 
described in connection with the first embodiment of the fiiel cell system, the drive- 
flow inlet of the Coanda flow amplifier may, for example, be supplied via a 
pressurized-air line with air as drive fluid for the Coanda flow amplifier. 

In a third embodiment of a fiiel cell system, the fluid line may be a cold- 

20 starting-gas feed line that is connected to a cold-starting component of the fiael cell 
system and is used to supply a cold-starting gas to the cold-starting component during 
the cold-starting phase of the system. During a cold start, the role of the cold-starting 
component is to heat the fiiel cell system to operating temperature as quickly as 
possible. Again, air can be used as drive fluid for the Coanda flow amplifier, whereby 

25 the air is supplied to the drive-flow inlet of the Coanda flow amplifier via a pressurized- 
air line. 

In a fourth embodiment of a fiiel cell system, the fluid line may be an 
exhaust gas recirculation line for the recirculation of fiiel cell exhaust gas. This exhaust 
gas recirculation line may, for example, be a cathode exhaust gas recirculation line, 
30 which is used to return at least part of the catiiode exhaust gas to the cathode inlet side 
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of the fuel cell, for example in order to improve the water balance of the fuel cell 
system or to improve equipartition in the fuel cell. For the purpose of supplying a drive 
fluid to the Coanda flow amplifier, the drive-fluid inlet of the Coanda flow amplifier 
may, for example, be connected to a pressurized-air source via a pressurized-air line. 
5 In altemative embodiments, the exhaust gas recirculation line is an 

anode exhaust gas recirculation line for the recirculation of anode exhaust gas, whereby 
the fuel cell is supplied with anode gas from the fluid source (z.e., the anode gas that is 
to be supplied to the anode side of the fuel cell is at the same time used as drive fluid 
for the Coanda flow amplifier). The anode gas that is used as drive fluid for the Coanda 

10 flow amplifier may, for example, be gaseous hydrogen. 

When using a Coanda flow amplifier in which the flow cross section of 
the drive-flow discharge slit can be variably adjusted, an appropriate choice of the flow 
cross section of the drive-flow discharge gap allows a very precise control of the mass 
flow rate of the anode gas to be supplied to the anode side of the fuel cell. Due to this, 

15 the Coanda flow amplifier additionally assumes a metering function to meter the anode 
gas volume, which is to be supplied to the anode side of the fuel cell and which is 
dependent on the load condition of the fuel cell. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a longitudinal section of one embodiment of a Coanda 
20 flow amplifier according to the present systems and methods. 

Figvire 2 shows a detail of the Coanda flow amplifier shown in Figure 1 . 
Figure 3 shows a diagrammatic representation of the design of a first 
embodiment of a fuel cell system according to the present systems and methods. 

Figure 4 shows a diagrammatic representation of the design of a second 
25 embodiment of a fuel cell system according to the present systems and methods. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Figure 1, a Coanda flow amplifier 10 is shown with a three- 
part housing 12, comprising a first housing section 14, a second housing section 16, and 
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a third housing section 18. Each of the first, second, and third housing sections is 
executed as a separate component and the three components are rigidly connected to 
each other by a screw connection 20. The Coanda flow amplifier 10 is equipped with a 
suction intake 22 in the first housing section 14 and an outlet 24 in the third housing 
5 section 18. 

Arranged in the housing 12 is a flow-guiding element 26, which is 
guided in the housing 12 axially displaceable along a longitudinal axis L of the Coanda 
flow amplifier by a projection 28 of the second housing section 16 that protrudes 
radially inward, and which is sealed against the second housing section 16 by means of 

10 a first O-ring seal 30. 

The first O-ring seal 30 is arranged in a groove 34 that is provided on an 
essentially cylindrical outer circumference 32 of the flow-guiding element 26. A 
downstream section 36 of the flow-guiding element 26 projects into the third housing 
section 18 and is guided in a sealed maimer in the third housing section 18. For the 

15 purpose of sealing the downstream section 36 of the flow-guiding element 26 against 
the tibiird housing section 18, a second O-ring seal 38 is provided that is arranged in a 
groove 40 executed on the third housing section 1 8. 

A fluid channel 42 extends between the suction intake 22 and the outlet 
24, whereby a first section 44 of the fluid channel 42 is executed in the first housing 

20 section 14, a second section 46 of the fluid channel 42 is executed in the flow-guiding 
element 26, and a third section 48 of the fluid chaxmel 42 is executed in the third 
housing section 18. The first fluid-channel section 44 extends firom the suction intake 
22 to a downstream face 50 of the first housing section 14 and in a downstream end 
area possesses a cross section that widens along the fluid-flow direction F in the fluid 

25 channel 42. The second section 46 of the fluid channel 42, which is provided in the 
flow-guiding element 26, is bordered by a curved interior wall 52 of the flow-guiding 
element 26, so that - starting from the upstream face 54 of the fluid-guiding element 26 
— the cross section of the second fluid-chajonel section 46 at first narrows and 
subsequentiy widens again along the fluid-flow direction F in the fluid channel 42. The 

30 third section 48 of the fluid chaimel 42 provided in the third housing section 1 8 extends 
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from an upstream face 58 on the third housing section 18 to the outlet 24 and possesses 
a constant cross section along the fluid-flow direction F in the fluid channel 42. 

Radially with respect to the flow-guiding element 26, a drive-flow inlet 
(feed) 60 is arranged in the second housing section 1 6, whereby the drive-flow inlet 60 
5 is fluid-connected with an aimular chamber 64 — which surrounds an upstream section 
of the flow-guiding element 26 — via a connecting line 62. 

As illustrated in more detail by Figure 2, the aimular chamber 64 is 
connected with the fluid channel 42 in a fluid-conducting maimer via a drive-flow 
discharge slit 66 that is formed between the downstream , face 50 of the first housing 

10 section 14 and the upstream face 54 of the flow-guiding element 26. Thus, the flow 
cross section of the drive-flow discharge slit 66 is set by the distance of the downstream 
face 50 of the first housing section 14 from the upstream face 54 of the flow-guiding 
element 26 and can be variably adjusted by an axial displacement of the flow-guiding 
element 26 in the housing 12 along the longitudinal axis L of the Coanda flow amplifier 

15 10. Pushing the flow-guiding element 26 sufficienfly far against the fluid-flow 
direction F in the fluid channel 42, so that the upstream face 54 of the flow-guiding 
element 26 comes into contact with the downstream face 50 of the first housing section 
14, interrupts the fluid connection between the drive-flow inlet 60 and the fluid channel 
42, so that the supply of drive fluid into the fluid channel 42 of the Coanda flow 

20 amplifier 10 is interrupted. 

An actuating element 68 that is executed as a piezo actuator is provided 
to effect the axial displacement of the flow-guiding element 26. A spring element, one 
end of which rests on an upstream face 72 of the projection 28 that projects radially 
inward and is formed on the second housing section 16, and the other end of which rests 

25 on a flange section 74 that projects radially outward and is formed on the outer 
circxamference 32 of the flow-guiding element 26, resiliently pre-loads the flow-guiding 
element 26 in a direction opposite to the fluid-flow direction F in the fluid channel 42. 
As a result of the pre-loading applied by the spring element 70, the upstream face 54 of 
the flow-guiding element 26 is pushed against the downstream face 50 of the first 
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housing section 14, so that the drive-flow discharge sUt 66 will be closed when the 
actuating element 68 is in its inactive state. 

The mode of operation of the Coanda flow amplifier 10 shown in 
Figures 1 and 2 will be explained in the following. During its operation, the Coanda 
5 flow amplifier 10 is supplied via the suction intake 22 with a fluid flow to be amplified. 
The drive flow inlet 60 is connected with a drive-fluid source, firom which the Coanda 
flow amplifier 10 is supplied with pressurized drive fluid. Should the flow-amplifying 
effect of the Coanda flow amplifier 10 not be desired during certain operating phases, 
then the piezo actuator is not supplied with energy, so that the drive-flow discharge gap 

10 66 remains closed due to the pre-load applied onto the flow-guiding element 26 by the 
spring element 70, as a result of which the supply of drive fluid into the fluid channel 
42 of the Coanda flow amplifier 10 is interrupted. 

On the other hand, if the flow-amplifying effect of the Coanda flow 
amplifier 10 is desired, then the flow-guiding element 26 is shifted by the piezo actuator 

15 along the fluid flow direction F in the fluid channel 42, which opens the fluid 
connection between the drive-fluid inlet 60 and the fluid chaimel 42. During this, the 
flow cross section of the drive-flow discharge slit 66 is chosen by a suitable 
displacement of the flow-guiding element 26 in such a way that the desired mass flow 
rate of drive fluid is supplied to the fluid channel 42. 

20 An optimum momentum exchange between the drive fluid flowing 

through the drive-flow discharge slit 66 and the fluid flow supplied via the suction 
intake 22 is possible if the drive fluid flows with sonic velocity (Mach 1) when leaving 
the drive-flow discharge slit 66. This can be implemented, if a pressure ratio between 
an output pressure of the drive-fluid flow when it leaves the drive-flow discharge slit 66 

25 and an intake pressure of the drive-fluid flow when it enters into the drive-flow 
discharge slit 66 is less or equal to a critical pressure ratio. Consequently, the flow 
cross section of the drive-flow discharge slit 66 is adjusted in such a way that the 
pressure ratio between an output pressure of the drive-fluid flow when it leaves the 
drive-flow discharge slit 66 and an intake pressure of the drive-fluid flow when it enters 

30 into the drive-flow discharge slit 66 equals the critical pressure ratio. The adjustment of 



13 



wo 2005/081348 



PCT/US2005/004516 



the desired flow cross section of the drive-flow discharge gap 66 is accomplished by 
supplying the piezo actuator with a suitable current with the help of control signals, 
which are provided by an electronic control unit that is not shown in the iSgures. 

The drive-fluid that exits the drive-flow discharge slit 66 with sonic 
5 velocity flows along the curved interior wall 52 of the flow-guiding element 26 because 
of the Coanda effect. This creates a suction effect in the area of the suction intake 22, 
as a result of which large volumes of the flmd to be conveyed by the Coanda flow 
amplifier 10 are sucked into the suction intake 22. 

Figure 3 shows the configuration of one embodiment of a fuel cell 

10 system 80, which comprises a fiiel cell 82, a purge-gas feed line 84 that is connected to 
the fuel cell 82, as well as a purge-gas discharge line 86. A Coanda flow amplifier 10 
(shown in Figures 1 and 2) is arranged in the purge-gas feed line 84, whereby both the 
suction intake (suction) 22 and the outlet (discharge) 24 of the Coanda flow amplifier 
10 are connected to the purge-gas feed line 84. The drive-flow inlet 60 of the Coanda 

15 flow amplifier 10 is connected to a pressurized-air source 88 via a pressurized-air line 
87. 

During operation, the drive-flow inlet 60 of the Coanda flow amplifier 
10 is supplied by the pressurized-air source 88 with pressurized air as drive fluid via the 
pressurized-air line 87. As a result of the suction effect being generated at the suction 

20 intake 22 of the Coanda flow amplifier 10, a high flow volume of purge air is drawn in 
from the surroundings and is supplied to the fuel cell 82 via the purge-gas feed line 84. 

During this, the flow cross section of the drive-flow discharge gap of the 
Coanda flow amplifier 10 is chosen so that the pressure ratio between the output 
pressure of the drive-fluid flow when it leaves the drive-flow discharge slit 66 and the 

25 intake pressure of the drive-fluid flow when it enters into the drive-flow discharge slit 
66 equals the pressure ratio of 0.528. The adjustment of the flow cross section of the 
drive-flow discharge slit is accomplished by supplying the piezo actuator of the Coanda 
flow amplifier 10 with a suitable current with the help of control signals, which are 
provided by an electronic control unit that is not shown in Figure 3. 
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Figure 4 shows a further embodiment of a fiiel cell system 90, which 
comprises a fuel cell 92 with a cathode side 94, an anode side 96, and a membrane 98 
separating the cathode side 94 and the anode side 96. A first Coanda flow amplifier 10 
(shown in Figures 1 and 2) is arranged in a cathode gas feed line 100, whereby both the 
5 suction intake 22a and the outlet 24a of the Coanda flow amplifier 10a are connected to 
the cathode gas feed line 100. The drive-flow inlet 60a of the Coanda flow amplifier 
10a is connected to a pressurized-air source 102 via a pressurized-air line 101. 

During operation, the drive-flow inlet 60a of the Coanda flow amplifier 
10a is supplied by the pressurized-air source 102 with pressurized air as drive fluid via 
10 the pressurized-air line 101. As a result, air is drawn from the surroundings into the 
suction intake 22a of the Coanda flow amplifier 10a and is supplied to the cathode side 
94 of the fuel cell 92 via the cathode gas feed line 100. 

Cathode exhaust gas that has been discharged on the cathode side 94 of 
the fuel cell 92 via a discharge line 104, is at least partially recirculated to the cathode 
15 side 94 of the fuel cell 92 via a cathode exhaust gas retum line 106, whereby for the 
purpose of regulating the volume of cathode exhaust gas to be recirculated, the 
discharge line 104 is connected with the cathode exhaust gas recirculation line 106 by a 
switchable valve that is not shown in Figure 4. A second Coanda flow amplifier 10b 
(shown in Figures 1 and 2) is arranged in the cathode exhaust gas recirculation line 106, 
20 whereby both the suction intake 22b and the outlet 24b of the Coanda flow amplifier 
10b are connected with the cathode exhaust gas recirculation line 106. The drive-flow 
inlet 60b of the Coanda flow amplifier 10b is connected to a further pressurized-air 
source 110 via a further pressurized-air line 108. 

During operation, the drive-flow inlet 60b of the Coanda flow ampUfier 
25 10b is supplied by the further pressurized-air source 110 with pressurized air as drive 
fluid via the pressurized-air line 108. In this manner, the Coanda flow amplifier 10b 
provides a gas-flow drive for the cathode exhaust gas that is to be retumed to the 
cathode side 94 of the fuel cell 92 via the cathode exhaust gas recirculation line 106. 

Anode exhaust gas leaving the anode side 96 of flie fuel cell 92 is 
30 retumed to the anode side 96 of the fiiel cell 92 via an anode exhaust gas retum line 



15 



wo 2005/081348 



PCT/US2005/004516 



112. A third Coanda flow amplijBer 10c (shown in Figures 1 and 2) is arranged in the 
anode exhaust gas return line 112, whereby both the suction intake 22c and the outlet 
24c of the Coanda flow amplifier 10c are connected to the anode exhaust gas return Une 
112. The drive-flow inlet 60c of the Coanda flow amplifier 10c is connected via a line 
5 1 14 to an anode gas tank 116, which contains gaseous or liquid hydrogen. 

During operation, the drive-flow inlet 60c of tiie Coanda flow amplifier 
10c is supplied by the anode gas tank 116 with anode gas as drive fluid via the line 1 14. 
In fliis, the flow cross section of the drive-flow discharge slit of the Coanda flow 
amplifier 10c is chosen so that the desired anode gas volume — which is dependent on 

10 the load state of the fiiel cell 92 - is supplied to the anode side 96 of the fuel cell 92. As 
already described in connection with the Coanda flow amplifier 10b arranged in the 
cathode exhaust gas retum line 106, the Coanda flow amplifier 10c provides a gas-flow 
drive for the anode exhaust gas to be returned to the anode side 96 of the fiiel cell 92 via 
the anode exhaust gas recirculation line 112. 

15 During operation of the fiiel cell system 90, each of the flow cross 

sections of the drive-flow discharge slits of the Coanda flow amplifiers 10a, 10b, 10c is 
chosen so that the pressure ratio between the output pressure of the drive-fluid flow 
when it leaves the drive-flow discharge slit of the respective Coanda flow amplifier 10a, 
10b, 10c and the intake pressure of the drive-fluid flow when it enters into the drive- 

20 flow discharge slit of the respective Coanda flow amplifier 10a, 10b, 10c is equal to the 
critical pressure ratio of 0.528. The adjustment of the flow cross sections of the drive- 
flow discharge slits is accomplished by supplying the respective piezo actuator of the 
Coanda flow amplifiers 10a, 10b, 10c with suitable currents with the help of control 
signals, which are provided by an electronic control imit that is not shown in Figure 4. 

25 From the foregoing it will be appreciated that, although specific 

embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. Accordingly, the invention is not limited except as by the appended claims. 
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